ABSTRAT
The problem of kinematic is to demonstrate the motion of the manipulator without consideration of the forces and torques causing the motion. There are two main kinematic problems. First one is forward kinematic problem, which is to determine the position and orientation of the end effector given the values for the joint variables of the robot. The second one is inverse kinematic problem is to determine the amounts of the joint variables given the end effector's position and orientation [1] . At least 6 parameters are needed to describe the motion of the rigid body. Three parameters are for position, three parameters are for orientation. Several methods are used in robot kinematic. The most common method is Denavit and HartenbergDH notation for definition of special mechanism. This method is based on point transformation approach and it is used 4 x 4 homogeneous transformation matrix which is introduced by Maxwell. Maxwell used homogeneous coordinate systems to represent points and homogeneous transformation matrices to represent the transformation of points. The coordinate systems are described with respect to previous one. For the base point an arbitrary base coordinate system is used. Hence some singularity problems may occur because of this coordinate systems description. And also in this method 16 parameters are used to represent the transformation of rigid body while just 6 parameters are needed [2] .
The inverse kinematics determines the joint variables that would result in a desired position of the end-effector of the manipulator with respect to a reference coordinate system. The inverse kinematics solution is difficult since the mapping between the joint space and Cartesian space is non-linear and involves transcendental equations having multiple solutions. A unique solution may be obtained in such cases if a performance criterion, like total joint displacement minimization, is incorporated in the solution scheme [3] .
There are several methods for solving Inverse Kinematics problems, YangshengXu, andMichael C. Nechgba, discusses the automatic genexafion of the Fuzzy Inverse Kinematic Mapping (FIKM) from specification of the DH parameters, the efficiency of the scheme in comparison to conventional aPlYroaches, and the implementation results for both redundant and nonredundant robots [4] . Ramakrishnan M. present a novel single-pass algorithm that is fast and eliminates problems related with improper and large angle rotations [5] . E. Sariyildiz, and H. Temeltas, present a formulation based on screw theory with dual-quaterninons for both forward and inverse kinematic equations [2] . P. Kalra and etc. use real-coded genetic algorithms to obtain the inverse kinematics solution of an articulated robotic manipulator [3] .Samual R. Buss discuss the solution of inverse kinematic with jacobian transpose, pseudoinverse and damped least squares methods [7] .Takehiko Ogawa and Hajime Kanada, propose a network inversion as a methodfor solving inverse kinematics problem of a robot arm with multiple joints, where the joint angles are conjectured from the givenend-effector coordinates [8] . Panchanand J., apply an artificial neural network models to solve both the direct and indirect kinematics of robot manipulator motion [9] .
In this paper a Neuro-fuzzy structure is presented to solve the inverse kinematics of the SCARA ( Selective Compliant Articulated Robot for Assembly ) manipulator, which, as its name suggests, is tailored for assembly operations.
2.SCARA MANIPULATOR
The SCARA manipulator has an (Revolute, Revolute, Prismatic) RRP structure, it is have a kinematics of four degrees of freedom 4-DOF, the four degrees manipulator is different to others. SCARA manipulator so different from the spherical manipulator in both appearance and in its range of applications [6] .
A 4-DOF SCARA manipulator has parallel shoulder, elbow, and wrist rotary joints, and a linear vertical axis through the center of rotation of the wrist. This type of manipulator is very common in light-duty applications such as electronic assembly, figure 1 shows the shape of SCARA manipulator and its framework, and the DH joint parameters are given in Table ( 
And the A-matrices are as follows. Table 1 . DH Joint parameters for SCARA Figure 1 . DH coordinate frame assignment forthe SCARA manipulator.
The inverse kinematic equations are:
ߠ ଶ = ‫ܿ(2݊ܽݐܽ‬ ଶ , ±ඥ1 − ܿ ଶ (7)
Where,ܽ ଵ = 20 ‫݈݂݇݊݅‪ℎ‬ݐ݈݃݊݁(݉ܿ‬ 1) , ܽ ଶ = 15 ‫݈݂݇݊݅‪ℎ‬ݐ݈݃݊݁(݉ܿ‬ 2) , ܿ ଵ = ‫ߠݏܿ‬ ଵ ,ܿ ଶ = ‫ߠݏܿ‬ ଶ ‫ݏ,‬ ଵ = ‫ߠ݊݅ݏ‬ ଵ , ‫ݏ‬ ଶ = ‫ߠ݊݅ݏ‬ ଶ , and ݀ ସ = 10 ܿ݉ .
NEURO-FUZZY STRUCTURE
A typical architecture of an ANFIS is shown in figure 2 , in which a circle indicates a fixed node, whereas a square indicates an adaptive node. The end-effecter position (X, Y, Z) are the inputs and the outputs are the joint variables ( θ 1 , θ 2 , d 3 , θ 4 ). Among FIS models, the Sugeno fuzzy model is applied because its high interpretability and computational efficiency.The learning algorithm tunes the membership functions using the training input-output data.implementation of a representative fuzzy inference system using a BP neural network-like structure.The fuzzy ifthen rules expressed as:
If x is A and y is B and z is C then K= px + qy + sz + r Where A, B and C are the fuzzy sets in the antecedent, and p, q, s and r are the design parameters that are determined during the training process.
As in figure 2 , the ANFIS comprises of five layers.The role of each layer is briefly presented as follows:
letܱ denote the output of node i in layer l, and xi is the ith input of the ANFIS, i = 1;2;…..; p [10] .
Layer1:
Every node i in employ a node function R given by:
Where ܴ can adopt any fuzzy membership function (MF).
Layer 2:
Every node calculates the firing strength of a rule via multiplication:
Where ‫ݓ‬ represent the activation level of a rule.
Layer 3:
Fixed node i in this layer calculate the ratio of the i-th rules activation level to the total of all activation level:
Where ‫ݓ‬ ప തതത is referred to as the normalized firing strengths.
Layer 4:
Every node i has the following function:
Where ‫ݓ‬ ప തതത is the output of layer 3, and ( p i ,q i ,s i ,r i ) is the parameter set. The parameters in this layer are referred to as the consequence parameters.
Layer 5:
The single node in this layer computes the overall output as the summation of all incoming signals, which is expressed as:
COMPUTER SIMULATION AND RESULTS
Four different ANFIS are designed for the computer simulation, for solving the inverse kinematics parameters of 4-DOF SCARA manipulator θ 1 , θ 2 , d 3 and θ 4 respectively, each one have three Gaussian membership functions in each input and 27 rules in second layer.
The adaptation process of the parameters of the ANFIS has two steps. For the first step of the consequent parameters training, the Least Squares method is used, because the outcome of the ANFIS is a linear integration of the consequent parameters.
The premise parameters are static at this step. After the consequent parameters have been regulated, the approximation error is back-propagated through every layer to update the premise parameters as the second step. This part of the adaptation procedure is based on the gradient descent principle, which is similar to the training of the Back-Propagation BP neural network.
A MATLAB package 7.8.0 R2009a is used to implement the simulation code. 
CONCLUSIONS
This work demonstrate that is possible to use Simulated ANFIS in order to present a very good and reliable solution to the Inverse kinematics problem. The results of used ANFIS shows that it have good and acceptable training error and small number of epoch in training all inverse kinematic parameters of 4-DOF SCARA manipulator. At the same time, is important to say that this technique is easy because its very simple to implement and calculating. Then use of ANFIS give fast and acceptable solution of inverse kinematic parameters.
